Aneuploidy is frequently found to affect individual chromosomes differentially, but it is unclear whether this depends on inter-chromosome differences in missegregation rates. A new study presents evidence that, in the Indian muntjac, centromere-kinetochore size influences the rate at which chromosomes missegregate.
Aneuploidy has long been recognized as a hallmark of cancer [1] and a leading cause of miscarriage in humans [2] . Importantly, not all aneuploidies are created equal. For instance, analyses of cancer karyotypes reveal that aneuploidies for certain chromosomes appear recurrently either in a cancer-specific manner or in a broad variety of cancers; on the other hand, for some other chromosomes a pattern cannot be discerned [3] . Similarly, certain aneuploidies are found in miscarriages, whereas others (for example, trisomies 1 and 19) are extremely rare [4] . These differences in the rates of aneuploidy for different chromosomes are typically attributed to variations in selective pressure experienced by cells carrying different aneuploidies. For instance, strong selective pressure could exist against cells carrying aneuploidies for chromosomes that are either very generich (such as chromosome 1) or very gene-dense (like chromosome 19), such that they are seldom observed. Moreover, the selective pressure may be context specific, which would explain the variation in patterns of recurrent aneuploidies in cancers from different anatomical sites [3, 5] . However, the rate of aneuploidy for a given chromosome will depend not only on the selective pressure acting on the daughter cells carrying the specific aneuploidy, but also on the rate at which that given chromosome missegregates at each mitotic division. Unfortunately, studies aimed at investigating differences in the rates of missegregation for different chromosomes [6] are not common, likely due to the challenge of examining large panels of chromosomes in individual dividing cells.
A new study in Current Biology [7] now presents evidence that differential chromosome missegregation can be dictated by the size of the centromerekinetochore (that is, the chromosome site specialized for interaction with microtubules of the mitotic spindle). Drpic, Maiato, and colleagues [7] have taken advantage of the unique features of the chromosomes of the Indian muntjac (Muntiacus muntjak, a small deer native to South and Southeast Asia) to ask how kinetochore size affects chromosome congression and segregation in mitosis. The female Indian muntjac contains six medium-to-large sized chromosomes that are morphologically distinguishable and possess centromeres that vary in size between 0.5 mm and just under 2 mm ( Figure 1A, top) . The authors first showed that the localization of proteins that define various functional elements of the kinetochore scale with centromere size. An important aspect of this scaling was that it resulted in the binding of larger numbers of microtubules by larger kinetochores compared to smaller kinetochores. In addition to binding more microtubules, chromosomes with the largest centromere-kinetochore also displayed more efficient congression to the metaphase plate. Finally, the large kinetochores were found to have a significantly higher probability of forming merotelic attachments (a single kinetochore bound to microtubules from two spindle poles instead of just one [8] ), causing the chromosome to lag close to the spindle equator during anaphase. Although most of the data in the study were collected from cells that were subject to experimental designs involving chemical treatments, the authors reported a higher propensity of chromosomes with large kinetochores to lag behind during anaphase also in untreated cells [7] . Thus, by taking advantage of an experimental system with unique cytological features, Drpic and colleagues [7] were able to present convincing evidence that in Indian muntjac chromosomes, the greater surface area of large kinetochores allows for more microtubule interactions, greater chance of forming erroneous attachments, and hence greater chance of chromosome missegregation compared to chromosomes with smaller kinetochores ( Figure 1A) .
What remains unclear is whether this dependence of chromosome missegregation on kinetochore size is common among other species. Based on current knowledge, this link does not appear to be as direct in other experimental systems as it is for the Indian muntjac's chromosomes. For instance, a study in PtK1 cells found no bias in the chance of missegregation for different chromosomes [6] . Moreover, based on the findings by Drpic et al. [7] one would expect holocentric chromosomes to display high rates of misattachment and missegregation. However, this does not appear to be the case, at least in the well-studied model organism C. elegans [9] . It is possible that holocentric chromosomes possess specific features that ensure proper kinetochore-microtubule attachment and that make kinetochore size irrelevant. One possibility could be a constrained chromosome structure that makes a kinetochore inaccessible to microtubules from two spindle poles. This idea is supported by the observation that an hcp-6 temperature-sensitive mutation causes structural changes in the C. elegans chromosomes in which kinetochores appear twisted around the Current Biology 28, R656-R677, June 4, 2018 ª 2018 Elsevier Ltd. R665
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Dispatches chromatin instead of arranged in a linear configuration [9] . This structural change results in high rates of merotelic kinetochore attachment and chromosome missegregation [9] .
Studies in human cells also fail to support this recent observation of a link between centromere-kinetochore size and chromosome misattachment and/or missegregation in Indian muntjac. For instance, some studies have shown high rates of missegregation for the sex chromosomes [10] [11] [12] . However, the Y chromosome has the smallest centromere (hence smallest kinetochore, given that the two are believed to be proportional [13] ), whereas the X chromosome possesses one of the largest centromeres among the human chromosomes [14] . Another recent study in human cells [14] found that human chromosomes 1 and 2 display the highest rates of mitotic missegregation. However, this was only evident in cells recovering from a nocodazole-induced mitotic arrest, whereas no obvious differences in missegregation rates between different chromosomes could be discerned in untreated cells, perhaps with the exception of chromosome 15. Importantly, neither chromosome 1 nor chromosome 2 possesses a particularly large centromere, and in fact the centromere of chromosome 2 is one of the smallest among human autosomes [14] . This study also found that the missegregation rates for the X chromosome were low both in cells recovering from a mitotic arrest and in untreated cells [14] , which is inconsistent with the findings from previous studies [10, 11] . These inconsistencies may be explained by differences in the experimental systems used in the corresponding studies: namely an immortalized cell line [14] and short-term peripheral blood lymphocyte cultures [10, 11] . Overall, it is fair to conclude that a link between centromere-kinetochore size and likelihood to missegregate has not been identified so far for human chromosomes.
Understanding how structural centromere and chromosome features influence the accuracy of chromosome segregation will require further investigation. Based on the data available so far, general rules have not emerged, and it is possible that the relationship between centromere-kinetochore features and chromosome segregation accuracy may have diverged in different species, thus making it difficult to identify general principles. However, as more data become available, subsets of rules may emerge. Thus, future studies investigating this issue in a systematic way will be instrumental for gaining a mechanistic understanding of factors (such as structural features of centromeres and chromosomes) that contribute to accurate chromosome segregation.
Another insight emerging from these recent studies [7, 14] is that there does not appear to be an obvious relationship between the rates of chromosome missegregation for certain chromosomes and the severity of the corresponding aneuploidy. An earlier study in male Indian muntjac cells showed that aneuploidies for the Y chromosomes (the Indian muntjac possesses two Y chromosomes, denoted Y1 and Y2) were the only aneuploidies observed in untreated cell populations, with aneuploidy for the Y2 chromosome (the smaller of the two) being the most common [15] , suggesting that cells carrying aneuploidies for any of the other, larger chromosomes are unlikely to survive. Similarly, aneuploidy for chromosome 1 is almost never observed in human miscarriages [4] , hinting to the possibility that the selective pressure against such aneuploidy is so Rates of aneuploidy will depend on the rates of both chromosome missegregation and survival of the resulting aneuploid cells.
In Indian muntjac (A), centromere-kinetochore size strongly correlates with the probability of a chromosome to missegregate during mitosis. Of the three Indian muntjac chromosomes, the one with the largest centromere is most likely to establish erroneous (merotelic) attachments with spindle microtubules and lag behind during anaphase. (B) Selective pressure on an aneuploid cell is likely to be inversely proportional to the gene content (and therefore, roughly, to the size) of the aneuploid chromosome.
strong that embryos with trisomy 1 fail to implant. In cancer cells, trisomy for the long arm of chromosome 1, but not the whole chromosome, is observed recurrently, whereas chromosome 2 aneuploidy does not appear to be a recurrent defect [3] . These observations clearly indicate that rates of missegregation alone are not enough to predict the rates of aneuploidy in living cells and organisms. In fact, these will depend on the rates of both chromosome missegregation and survival of the resulting aneuploid cells. These studies also suggest the possibility that evolving mechanisms or features that ensure absolute accuracy of segregation for very large chromosomes is not critical, given that the resulting aneuploid cells would be eliminated thanks to strong selective pressure ( Figure 1B ).
In conclusion, the jury is still out on if and how centromere-kinetochore size or structure may influence the accuracy of chromosome segregation in cell types other than the Indian muntjac fibroblasts. However, the study by Drpic et al. [7] clearly illustrates how unique experimental systems can provide important mechanistic insights and lay the groundwork for future studies.
Rats exposed to variable-length, unique-odor lists were tested in distinctive contexts for odors second or forth from list-end. Accurate ability to recall odors backwards from the end of lists points to their ability to manipulate and replay odor-list episodic memories.
All animals have memory, certainly the non-declarative variety (e.g., Pavlovian conditioning, instrumental conditioning, habituation, and sensitization). But an important issue is whether episodic memory-based on conscious recollection of a sequence of events unfolding over time (like a highly edited video tape)-is unique to humans or is shared by other (nonhuman) animals [1] . First, however, some background on why episodic memory is important.
Declarative memory (explicit, conscious recollection) is composed of episodic memory and semantic memory. Semantic memory is generic memory or general knowledge, without any accompanying memory of the events
